A scavenging device for the Bennett BA-4 "Anaesthesia Ventilator" is described. A naesthetic gases are vented outside the operating theatres by means of Venturi-type suction apparatus. The unit is very efficient under normal working conditions and no interference with ventilator function has been observed.
INTRODUCTION
Since 1967 there has been considerable interest in the contamination of operating room air with inhalational anaesthetic agents and the possible effects which this may have on staff working in this environment. A recent National Study of " Occupational Disease Among Operating Room Personnel" sponsored by the American Society of Anesthesiologists, reviews over 40 separate articles concerned with this matter (A National Study 1974) . In addition, over 40,000 reports were received from theatre staff and a non-exposed control group. The results of this survey indicate that female staff in operating theatres were subject to increased risk of spontaneous abortion, congenital disorders in their children, cancer, liver disease and renal disease. Exposed males were also subject to increased risk of liver and kidney disease and the incidence of congenital abnormalities in their children was more than in the control group. No direct cause-effect relationship between exposure to trace amounts of inhalational anaesthetics and these disorders was established but a strong recommendation for the venting of waste anaesthetic gases and vapours in all anaesthetizing locations was made.
THE BENNETT BA-4 VENTILATOR The Bennett "Anaesthesia Ventilator" (Mushin et al. 1969 ) is designed so that at the end of expiration any excess anaesthetic gas is theoretically possible to eliminate anaesthetic gases from the theatre atmosphere by collecting them at the overflow valve and venting them outside the operating area.
THE SCA\"El\(~IXG ApPARATUS This consists of two parts: a manifold covering the outlet port of the overflow and a length of wide bore anaesthetic tubing which acts as a reservoir for the discharged gases.
The manifold (Figure 2) is sealed by means of a rubber gasket and is held in place by' the two screws which attach the overflow valve to the FIGURE 2.-0utlet manifold (I) showing suction limb and airtight gasket (2) to pre\"l'nt leaks. The metal tube (3) is titted to the distal end of the reservoir tubing. The side-holes prevent obstruction of the reservoir and the hook allows the device to be conveniently hung on the 1l1achine. base plate. There IS a side arm from the manifold which is connected to the suction apparatus.
The reservoir tube is attached to the manifold at one end and a metal tube ( Figure 2 ) at the other. One metre of standard wide bore anaesthetic tubing was used for this purpose because of its ready availability. The metal tube at the distal . end of the reservoir served two purposes. First, it ensured that the reservoir was open to the atmosphere at all times. To facilitate this a number of holes, about li mm in diameter, were drilled in the metal tube. Obstruction of the end of the metal tube would therefore not obstruct the reservoir system. Second, it was provided with a hook which allowed the reservoir tubing to be hung conveniently behind the ventilator. 
SUCTION ApPAI{ATUS
Australian Standards for ;\Iedical Vacuum Pipeline Services (Standards Association of Australia, 1974) require that each suction service point be capable of permitting a free air flow of not less than 40 litres/minute when the pressure in the pipeline system is 53·3 k Pa (400 mm Hg) below the standard atmospheric pressure of 101·3 k Pa (760 mm Hg). Anaesthesia and Intensive Care, Vol. Ill, No . • 3. August, 197; ;
The suction equipment installed in the General Operating Theatres at St. Vincent's Hospital is of the ejector, or Venturi type. This is driven by compressed air, which, together with entrained gases, is discharged directly from the outer wall of the hospital building into the open air. This is an ideal system for scavenging apparatus because disposal is rapid and efficient and the gases are not drawn back to a central suction plant where staff may be accidentally exposed or machinery damaged.
The performance of these ejectors was assessed using a Wright's Respirometer. In order to simulate actual working conditions the suction bottles and tubing normally used in the theatres were connected between the suction outlet and the Wright's Respirometer.
The range of free air flows recorded using the system described, at the 10 suction outlets in the General Operating Theatres was 29·8 to 44·3 litres/m in (average 34·7 litres/min). This was considered adequate to deal with the anticipated 3 to 6 litres/minute discharge of anaesthetic gases from the overflow valve of the Bennett's Machine.
PERFORMANCE OF THE SCAVENGER
The apparatus was attached to the ventilator as shown in Figure 1 . Gases discharged from the bellows at the end of expiration are held in the reservoir until they can be swept away by the constant flow of air down the reservoir tubing towards the ventilator, and out the suction line. Some assessment of the efficiency of this scavenger was obtained using a Hook and Tucker Halothane Analyser (Hill 1967) . The concentration of halothane was measured at 3, 10 and 20 cm from the suction <trm along the reservoir tubing under varying conditions of input concentration (vaporizer reading) and total fresh gas. flow into the anaesthetic circle. One set of results is shown in Table 1 . This indicates that, even with very high flow rates and high concentrations of halothane, the exhaust gases do not pass further than 20 cm along the reservoir tubing before they are removed. Similar results were obtained in other experiments. It may be argued that this tubing is much longer than required but the extra length permits the use of lower suction flow rates without" spilling" the exhaust gases into the operating theatre atmosphere. The Halothane Analyser has a low frequency response, and will not accurately record the " peak" levels of halothane in the reservoir. However, it should give a good indication of the mean concentrations of halothane in the exhaust gases at the sampling site.
PROBLEMS ASSOCIATED WITH SCAVENGER
The main disadvantage of the system described is that yet another two tubes are connected to the ventilator which already has multiple tubes and connections. This increases the risk that a misconnection will result in malfunction of the machine.
There is also the theoretical risk that a subatmospheric pressure may be applied to the overflow valve of the ventilator. The pressure recorded in the reservoir tubing was about -2 mm of water. Such a small pressure should have no effect on the ventilator function and, in fact, over a period of two years, no such malfunction has been observed. If the reservoir tubing became blocked, the full suction pressure could become applied to the overflow valve. Although the effect of this was not tried experimentally, two possible malfunctions could be anticipated: forceable emptying of the bellows or obstruction of the overflow valve with overdistention of the bellows. These pressure changes could be transmitted back to the patient. the illustrations.
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